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1. 

MICROARRAYS AND THEIR 
MANUFACTURE 

RELATED APPLICATIONS 

This application is a continuation-in-part application of 
PCT/US2004/035209, filed Oct. 22, 2004, which claims pri 
ority to U.S. Ser. No. 60/513,197, filed Oct. 23, 2003, the 
contents of both of which are herein incorporated by refer 
ence in their entirety. 

FIELD OF THE INVENTION 

The present invention relates to a method for constructing 
two-dimensional (2D) and three-dimensional (3D) patterns 
and structures. The present invention more particularly 
relates to preparation of materials for large scale parallel 
analysis of solid or Solidified samples, such as tissue samples. 
The 2D and 3D microassembled structures prepared accord 
ing to the present invention have application to other broad 
fields including pattern printing, tissue engineering, microf 
luidics, microelectronics, and microconstruction. 

BACKGROUND OF THE INVENTION 

A method for generating high density arrays of micro 
scopic tissue samples on glass slides has been described and 
widely adopted (Kononen et al., (1998); Bubendorf et al., 
(1999); Schraml et al., (1999); Bubendorf et al., (2001a); 
Bubendorf et al., (2001b); U.S. Pat. No. 6,103,518 to Leigh 
ton et al.). However, current methodology to display high 
density arrays of tissue samples on glass slides for analysis 
(e.g., microscopy, histochemistry, immunohistochemistry, 
fluorescent in situ hybridization, etc.) is limited to densities of 
less than 100 features/cm. Valuable space is wasted on the 
array by the residual space between circular features. The 
current requirement of space in the array is dictated by the 
cylindrical cores generated by current technology of drilling 
cores in the tissue or in the medium (e.g., plastic, paraffin, 
etc.). 

Multiple tissues placed on a single pathology slide have 
been reported by Battifora et al. (U.S. Pat. No. 4,820,504). 
Using the so-called "sausage technique. numerous tissue 
chunks were wrapped together in a sheath in an identifiable 
but disorganized manner for immunohistochemical studies. 
The arrays of Battifora contained only on the order of a 100 or 
so tissue features per slide. 
Kononen and colleagues have described parallel display of 

up to 1,000 small tissue or tumor samples of 0.6 mm in 
diameter on a single microscope slide (about 2 cmx5 cm 
available surface) that can be processed simultaneously for 
direct microscopy or scanning or microscopy or scanning 
afterimmunohistochemical staining or other staining proce 
dures (e.g., regular tissue staining with hematoxylin+eosin, 
fluorescence-based in situ mRNA or DNA analysis, etc.). The 
method of Kononen et al. combines innovative placement of 
tissue cores of up to 10 mm in height into predrilled holes in 
a paraffin block to assemble a high density of sample cores 
lined up in parallel. Once a complete collection of tissue cores 
has been placed in the same tissue block, transverse sections 
are cut by a microtome, and the resulting 3-10 um thick 
sections are transferred to glass slides and adhered or cross 
linked to the coated glass. The resulting microarray of Small 
tissue samples can be duplicated many times by cutting mul 
tiple sections. 

However, the method of Kononen et al. Suffers from a 
number of limitations. Sample density is limited due to 
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2 
needed space between samples to maintain the integrity of the 
paraffin holding block. Currently, the maximal limit is 1,000 
samples per slide (~100 tissue features/cm). The height of 
the tissue block is limited due to limitations in the height of 
each core (0.5 to 1 cm). This height restriction limits the 
number of theoretical sections to approximately 13,000 sec 
tions when cut at 3 um thickness. This method also promotes 
inefficient use of samples. Because the method is based on 
drilling cores out of the primary sample, e.g., a tumor speci 
men, there will be wasted sample material left between the 
drilling holes. Core drilling results in reduced quality of the 
remaining tissue sample, because the integrity of the original 
sample is broken by the core(s) that are removed (i.e., a 
“Swiss cheese' effect is produced). 
The method of Kononen et al. requires a certain structural 

rigidity of the sample to work. Softer tissues or materials will 
be crushed when attempting to remove the core from the drill. 
Moreover, the method can be most readily used with paraffin 
embedded tissue and less readily on frozen tissue or softer 
gelatinous tissues or material. Finally, although a core-drill 
ing, semi-automated tissue arraying machine has recently 
been introduced (ATA-27 Automated Arrayer, Beecher 
Instruments), the core-based semi-automated technology is 
limited to handling only a low number of specimens at a time, 
currently a maximum of twenty-six specimens due to the 
labor-intensive transfer of individual samples to the block. 
This method is also not readily fully automated due to the 
manual drilling of cores and placement of individual cores 
one by one into the predrilled holes. This problem is in part 
due to the need for movement of the tissue core from sample 
to block at a central site, with the very limited possibility of 
gathering and storing cores (samples) before assembly. 
The present invention overcomes many of these problems 

and increases the density of array elements that can be 
achieved. While the present method is described in detail for 
tissue arrays, the method has widespread applications as dis 
cussed below. 

SUMMARY 

The present invention provides for a method of microas 
sembling 2D and 3D arrays comprising 

stacking and optionally bonding two or more plates of one 
or more sample materials to form a primary stack; 

forming a comb by slicing the primary stack perpendicu 
larly to the plane of the two or more plates: 

stacking and optionally bonding two or more combs to 
form a secondary stack; and 

slicing the secondary stack to form a 2D array. 
A 3D array is formed by stacking and optionally bonding two 
or more 2D arrays. 

BRIEF DESCRIPTION OF THE FIGURES 

FIGS. 1A-1E are a diagrammatic representation of the 
steps of the method for creating 2D and 3D arrays. 
FIG.2 shows an exemplary 2D tissue array generated using 

the method of the present invention. 
FIG. 3 shows exemplary secondary Stacks of tissue arrays 

for cutting into tertiary plates. 
FIG. 4 demonstrates the use of 2D and 3D arrays for 

creating mosaic patterns for printing or for tissue engineering. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

In general, terms in the present application are used con 
sistent with the manner in which those terms are understood 
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in the art. To aid in the understanding of the specification and 
claims, the following definitions are provided. 

“Primary plate' or “plate” refers to a substantially flat 
portion or "slice' of material. The primary plate can comprise 
any number of materials, including tissue (e.g., plant and 
animal), plastic, polymers, metal, semi-conducting materials, 
glass, silica-based materials, semi-solid materials such as 
gels, Solidified (e.g., frozen) solutions, Suspensions, or col 
loids, etc., and combinations thereof. The selection of the 
plate material is usually determined by the purpose of the 
array to be made therefrom. The primary plates may be gen 
erated by several alternative means, including slicing from a 
larger block, by deposition of material of interest onto a thin 
Support Substrate (e.g., plastic, mesh, paper), by embedding 
of material into thin polymer or gel sheets or slabs, or by 
derivation directly from sheet-like materials (e.g., plant 
leaves). The thickness of a primary plate may be determined 
by the availability or scarcity of the plate material, and/or the 
intended purpose of the array. Thinner primary plate slices 
will produce Smaller array features and increase the number 
of array features that will fit in a given area. The size (i.e., the 
area of the primary plate) is not intended to be limited in any 
way by the present invention. 

“Primary stack” refers to a stack of two or more plates. 
When complex arrays are constructed with many array ele 
ments, the plates are preferably assembled into the primary 
stack in a predetermined order. 
"Comb' refers to a secondary plate generated by taking a 

'slice' of a primary stack. The secondary plate comprises 
lengths of usually rectangular portions of each of the plates of 
the primary stack. Again, the thickness of the slice may be 
determined, inter alia, by the availability of materials and 
intended purpose of the array. 

"Secondary stack” refers to a stack of two or more combs. 
“Tertiary plate' or 2D array refers to a cross-sectioned 

portion of a secondary stack (i.e., a "slice' taken perpendicu 
larly to the length of the secondary stack) containing several 
or many array elements. Tertiary plates can be stacked to form 
a 3D microstructure or array. The thickness of the tertiary 
plate may be selected based on, interalia, material availability 
and/or the intended purpose, e.g., whether the tertiary plate is 
further stacked to form a 3D array. 

Plates and Stacks may be "sliced using any tools known in 
the art. Freehand slicing can be performed using a razorblade 
or knife, or other tools (including automated tools) such as a 
microtome can be utilized for enhanced precision. Because 
Surface shaving of tissue may be used in the methods pro 
vided herein, the sample-providing tissue block is left intact 
without any reduction in quality that is commonly associated 
with core drilling. 

In one embodiment, ultra-high density tissue arrays of 
thousands of tissue samples may be prepared using the meth 
ods provided herein. Currently available methodology to dis 
play high density arrays of tissue samples on glass slides is 
limited to densities of less than 100 features/cm. Embodi 
ments of the present invention utilize a new methodology that 
does not rely on drilling of cores and that uses a more practical 
and space-utilizing method. Limitations of the core-based 
technology include limited and inconsistent depth of cores, 
unpredictable content and quality of the tissue cores beneath 
the surface of the tissue block, limited sample numbers per 
slide, restricted feature sizes and an inability to array thin 
walled, stratified structures such as gut, vessels, or skin. 
Embodiments of the present invention overcome such limi 
tations, and therefore provide significant advantages over 
current methodology. 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

4 
Embodiments of the present invention are not limited to 

high-density display of tissue samples on a Substrate/surface, 
but can be adapted to high-density, organized 2D display of a 
variety of samples or reagents (biological, synthetic, inor 
ganic), Such as plastics, plants, antibodies, metals, etc. For 
display of solutes or liquids, these reagents may be made into 
a solidorsemi-solid for section cutting (e.g., by incorporation 
into a gel or polymer). Embodiments of the present invention 
can be used to generate high-density arrays of biomolecules 
Such as nucleotides, oligo- and polynucleotides, nucleic 
acids, amino acids, oligo- and polypeptides, plasmids, pro 
teins, antibodies (Chin and Kong, (2002); Pollock (2002); 
Templin et al., (2002); Gracey and Cossins, (2003)), which 
are currently generally printed onto Substrates using printing 
technologies such as pin-based spotting or ink-jet technology 
(Watson et al., (1998); Harris et al., (2000)). Additionally, 
arrays of microorganisms such as bacteria and viruses can be 
created using embodiments of the present invention. In prac 
tice, display of macromolecules or microbes can be achieved 
by embedding the macromolecules or microbes in a gel or 
polymer so that a semi-solid or solid medium useful for 
slicing is formed that contains the composition of interest. 
Macromolecules may also be chemically bonded or conju 
gated to the polymer or gel matrix to hinder loss, or bleeding, 
during Subsequent manipulation. Chemical binding can 
include crosslinking that achieves covalent attachment using 
a series of established chemistries known to those skilled in 
the art (See, e.g., Hermanson, (1996)). Such as glutaralde 
hyde, formaldehyde, or N-hydroxysuccinimide esters. 
Chemical binding also includes non-covalent bonding, e.g., 
via biotin-streptavidin interaction (Bundy and Fenselau, 
(2001): Ruiz-Taylor et al., (2001)). 
When tissue is used to prepare 2D or 3D arrays, a variety of 

materials can be utilized. The tissues can be paraffin-embed 
ded, quick-frozen, or freeze-dried. Other embedding 
matrixes known in the art, such as epoxies, waxes, gelatin, 
agar, polyethylene glycols, polyvinyl alcohols, celloidin, 
nitrocellulose, methyl and butyl methacrylate resins, poly 
mers, and the like, and combinations thereof, can be used as 
well as long as the tissue maintains a solid or semi-solid form 
in order to prepare the plates and stacks of the present method. 
Paraffin-embedded tissue may be used in a preferred embodi 
ment. 

While physical separators may be used in some embodi 
ments of the present invention, these are not necessary for all 
applications. Even when semi-solid materials are used, other 
means of segregation can be utilized. For instance, self-heal 
ing gels, with thixotropic properties, which spontaneously 
repair or reestablish themselves after cutting or shearing (e.g., 
gels made from iota-carrageenans (Bavarian et al., (1996); 
Parker and Tilly, (1994)), adhesive polymers (e.g., polyeth 
ylene glycol), or hydrogels (Peppas and Sahlin, (1996); Sah 
lin and Peppas, (1997); Tang et al. (2003)), may be used for 
self-adhesion of gel plates containing different macromol 
ecules without the need for additional bonding agent. For 
instance, one may place an electrical conducting gel next to a 
non-conducting gel to generate 2D or 3D electrical circuitry. 
Alternatively, plates of water-containing gels or Substances 
may be bonded by freezing, also without a specific physical 
separator. Even when Solid materials are used, one may 
choose to use physical separators as discussed below to iden 
tify sample elements in the array. 

Furthermore, self-healing or self-adhesive gels containing 
one or more types of live cells may be used to construct2D or 
3D scaffolds to establish organ-like structures. Alternatively, 
gels containing immobilized (e.g., chemically cross-linked) 
antibodies or other binding molecules (e.g., integrins, adhe 
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sion molecules) that bind or attract specific cell types may be 
used. After building a 2D or 3D structure from gel plates 
according to an embodiment of the invention, the gel can be 
dried (e.g., by lyophilization) to form a porous scaffold. Gels 
dried by lyophilization or other means are commonly referred 
to as xerogels (Nicollet al., (1997); Radinet al., (2002)). This 
porous scaffold, which contains a predetermined cellular 
attraction orbinding pattern that will specify binding of cells 
in 2D or 3D, can be rehydrated and exposed to live cells, 
which will then form a structure as determined by the mate 
rials contained in the scaffold. The gel can comprise biode 
gradable material (e.g., collagen) and can be sterilized by 
radiation or chemical means before the addition of live cells 
to ensure microbe-free growth. This approach can be used to 
generate functional organs and organ elements (e.g., hair 
follicles, hormone producing units, kidney elements). 
The basic methodology for 2D pattern construction used 

above can be adapted to 3D pattern construction or microcon 
struction by organized Stacking of sheets of 2D patterns. The 
ability to systematically build 3D microstructures can be 
useful for a variety of fields. Micromechanical devices can be 
assembled by the present methods. Building 2D or 3D net 
works of variable thickness using materials that are electri 
cally conductive, semiconductive, or insulating or resisting 
may be useful for microelectronic devices. 2D electrical cir 
cuits can be made using a printing technique. 

Specifying 3D patterns and microstructures of specific 
affinity for different cell types in a porous substrate may be 
useful for advanced 3D tissue engineering and 3D microar 
rangement of live cells. Building a 3D structure of microchan 
nels is useful for the emerging field of microfluidics. Chan 
nels could be generated in the 3D structure by melting, 
dissolving, or enzymatically digesting elements of differen 
tial properties to create a microfluidic device or a tissue lat 
tice. Thus, the present invention provides for a method of 
preparing a lattice comprising: 

creating a 2D or 3D array by 
stacking and optionally bonding two or more plates of 
one or more sample materials to form a primary stack; 

forming a comb by slicing the primary stack perpendicu 
larly to the plane of the two or more plates: 

stacking and optionally bonding two or more combs to 
form a secondary stack; 

slicing the secondary stack to form a 2D array; 
optionally stacking and optionally bonding two or more 
2D arrays to form a 3D array; and 

melting, dissolving, or enzymatically digesting some 
elements of the array to create a lattice. 

Another embodiment of the present invention provides for 
a method of preparing a microfluidic device comprising: 

creating a 2D or 3D array by 
stacking and optionally bonding two or more plates of 
one or more sample materials to form a primary stack; 

forming a comb by slicing the primary stack perpendicu 
larly to the plane of the two or more plates: 

stacking and optionally bonding two or more combs to 
form a secondary stack; 

slicing the secondary stack to form a 2D array; 
optionally stacking and optionally bonding two or more 
2D arrays to form a 3D array; and 

melting, dissolving, or enzymatically digesting some 
elements of the array to create gaps or channels in the 
2D or 3D array to prepare a microfluidic device. 

High-density arraying of different soluble samples/re 
agents, including oligonucleotides, plasmids, proteins, etc. 
onto a solid Surface (e.g., glass) is typically achieved by 
ink-jet technology, or pattern or pin-spot printing. The present 
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6 
method is expected to be useful for depositing these types of 
2D arrays without the use of traditional printing equipment. 
Instead, soluble reagents are made solid or semisolid by 
freezing, gelling, or otherwise absorbed and embedded onto a 
Substrate from which slices are cut, stacked, and processed as 
described for the general approach and transferred to the solid 
surface by sectioning. A distinct benefit of the present meth 
odology is that sample arrays can be stored as blocks and 
arrays can be cut and “printed at any time when needed. 
Certain biological reagents are not stable in liquid form, but 
are much more stable when dried (e.g., lyophilized), fixed, 
frozen, or precipitated. 

Embodiments of the present invention can approach a 
maximum of about 10,000 tissue features of a size of about 
0.1 mm on about 2 cmxabout 5 cm area glass slide (or ~1,000 
tissue features/cm), has no immediate height limitation of 
individual samples (about 100 cm could be possible, corre 
sponding to about 200,000 approximately 5 um thick sec 
tions), effectively uses the primary sample (theoretically, no 
waste), does not reduce the quality of the leftover primary 
sample (if not fully used), and works on rigid as well as softer, 
gelatinous, and frozen tissue. Because embodiments of the 
present invention do not rely on drilling of cores, but simple 
generation of slices, individual samples can be precut, and 
semiautomated or automated assembly can take place by use 
of a device. Thus, embodiments of the present invention are 
less labor-intensive and requires less skill than currently 
available methodology in the art. Finally, embodiments of the 
present invention are not limited to 2D array building on a 
substrate, but will allow building/printing of 2D micropat 
terns that could be useful for broad fields, including micro 
fabrication, microfluidics, electronics, and tissue engineer 
1ng. 

Thus, in one aspect, an array prepared by a method pro 
vided herein may comprise at least 1,000 tissue features per 
slide. In another embodiment, an array prepared by a method 
provided herein may comprise at least a number of tissue 
features per slide selected from the group consisting of 2,000; 
3,000; 4,000; 5,000; 6,000; 7,000; 8,000; 9,000, and 10,000. 
As many as 10,000 parameters, such as macromolecules, 

may thus be investigated from the same set of tissues, opening 
new possibilites in array-based screening. Consequently, 
from an array of 10,000 sample features, serial sectioning and 
analysis for up to 10,000 different parameters will yield a 
systematic compilation of 10 tissue image data points. 
The general procedure to produce 2D arrays involves 

stacking primary plates (sections) of sample materials into 
primary stacks, with Subsequent generation of secondary sec 
tions (combs) by perpendicular cross-sectional sectioning of 
primary stacks, followed by bonding of combs into secondary 
stacks. For 2D arrayS/patterns, tertiary sections are generated 
by cross-sectioning perpendicular to the teeth of the second 
ary stack of combs, and sections may then be transferred to a 
Support Substrate, e.g., glass slide. This procedure, and exem 
plary arrays resulting therefrom, is demonstrated in FIGS. 
1-3. 

Plates, stacks, combs, and arrays may be bonded together, 
and a particular choice of bonding material may depend on 
the sample material. The bonding material can be, for 
instance, glue (e.g., acrylate Such as cyanoacrylate), paraffin, 
2-sided adhesive, epoxies, waxes, polymers such as methyl 
and butyl acrylate resins and polyvinyl alcohol, gelatin, poly 
ethylene glycol, and the like, and combinations thereof. The 
plates, stacks, combs, or arrays may be bonded by welding 
and/or melting. For instance, heat may be used to fuse adja 
cent plates of paraffin-embedded tissues or cells. However, 
one skilled in the art will recognize that it is not essential that 
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the plates or stacks are physically bonded together. For 
instance, it is possible to use embedding in a firm medium 
(e.g., wax, polymer, etc.) or to use a frame that fits around the 
plates or stacks and serves to hold them together. The final 
array can also be held intact by bonding the array to a Sub 
strate such as a glass slide. 

Direct and lateral bonding of neighboring tissue elements 
to each other may result in array sections that behave as 
continuous sheets of fused sample material. Consequently, 
there is less chance of loss of individual features during 
sectioning and placement on slides, contrary to core-based 
arrays where array Samples are held together by paraffin. 
One of the benefits of the present invention is that sample 

density can be increased over other known methods. How 
ever, it is also possible to add space between samples plates, 
e.g., a paraffin blank. 

Another embodiment of the invention is that by interlacing 
color-coded or structurally coded “leaves' between the plates 
in the stacks, microarrays can be generated with built-in ori 
entation so that every feature is framed by a position-unique 
combination of color/structure. For instance, the plates and 
stacks can be Subdivided into quadrants to delineate samples. 
One can insert a unique combination of leaves around a 
particular sample element. This in turn can be used for auto 
mated readers to assign values correctly to individual 
samples, or for the manual analyst to record observations 
correctly for each of the individual samples. The leaves or 
physical barriers between array elements, can comprise a 
wide variety of materials including adhesive, plastics, metal, 
etc. 

By using a variety of labeled bonding materials or physical 
barriers between array elements, one can enhance the inven 
tion by providing unique identifiers around each feature. This 
is especially useful in a 2D array so that one can identify a 
sample in the microscope or a microphotograph based on the 
coding of the four Surrounding sides. For simplicity, different 
colored or patterned two-sided adhesive or glue can be used 
for each primary plate that is bonded together. Likewise, 
unique-colored glue may also be used for bonding each of the 
secondary plates. Varied colored or patterned plastics or other 
solid dividers may also be added. The dividers may also 
contain information identifying the sample element in the 
form of a magnetic strip. As a result, each feature in the final 
array will be framed by a unique set of four colors that will 
only occur once in the array provided enough unique colors 
are used. In addition to color, texture can be modified by 
adding, e.g., different grainy microparticles or fibers to the 
bonding material. 

The organized display of multiple samples for analysis in a 
microarray arrangement as described in the Examples below 
is one use of an embodiment of the invention. The invention 
can also be presented as a method to specify predetermined 
patterns or arrangement of samples in two and three dimen 
sions. In the example above with a tissue microarray, a high 
density 2D array of tissue squares arranged as quilts or mosa 
ics on a Solid Support or Substrate (e.g., a glass plate). 

In one embodiment, a method for preparing arrays involves 
repeated sectioning and edge-to-edge bonding of samples. 
Since edge-to-edge bonding permits higher density packing 
of samples, more replicate samples can fit on a slide for 
increased redundancy when needed, without compromising 
individual feature size. Once an array block has been con 
structed, repeated sectioning Such as with a microtome allows 
for the production of array copies for serial analyses of a large 
number of parameters or analytes. 
The arrays may be based on a self-supported construction 

that involves sequential bonding and transverse sectioning of 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

8 
stacks of sample plates. Array density may be maximized by 
rectangular and/or square sample features and, thus, elimina 
tion of space loss from a structural scaffold. In contrast, 
core-based sample arrays require placement of cylindrical 
sample cores into a structural scaffold such as a paraffin 
block, typically resulting in arrays where 50% or more of the 
array area represents scaffold material. Thus, in one embodi 
ment, a prepared array provided herein may be comprised of 
less than 50% scaffold material. In other embodiments, a 
prepared array provided herein may be comprised of less than 
40%, less than 30%, less than 20%, or less than 10% scaffold 
material. 

While it is preferable that the elements of the array are 
square or otherwise rectangular (in order to maximize space 
and minimize waste of material), it is understood that as long 
as the tissues are maintained in a defined space, various 
embodiments can be envisioned. It may be desirable to have 
larger portions of the arrays comprise a particular material. 

Larger array features may be preferable for the analysis of 
certain tissue types, such as heterogenous tissues such as the 
kidney or gut. Thus, in another embodiment, an array pro 
duced by the methods provided herein may have scalable 
array feature dimensions. The width of each feature equals 
the thickness of the primary plates, and the length of each 
feature equals the thickness of the secondary plates. The 
length and width of each feature may thus be scaled to a 
desirable size by varying the thickness of the secondary and 
primary plates, respectively. When a microtome is used for 
cutting of plates, sample feature dimensions from 5um, up to 
several mm, can be achieved, resulting in continuously tun 
able widths and lengths of array features. Assembly of small 
features into high-density microarrays is possible since 
microscopic Sample elements are not handled individually, 
but instead collectively manipulated many at a time in size 
able continuous sheets. In contrast, core-based punching of 
tissue blocks is typically restricted to available hollow 
needles of 0.6, 1, or 2 mm in diameter. 

After generating a 2D mosaic pattern, one can extend the 
array by Stacking multiple 2D patterns on top of each other to 
form 3D patterns. Because the sections can be kept verythin, 
high resolution, Small-scale patterns or microstructures can 
beachieved. FIG. 4 illustrates generation of a 3D branching 
structure using the stacking of eight 2D patterns. 

Further, the present invention can be used to fashion a 3D 
scaffold. Scaffold material plates can be alternated with other 
plates which may be dissolved or melted upon the generation 
of the secondary stack or tertiary plate. For example, plates of 
paraffin can be alternated with plates of a higher-melting 
material. Additional materials may be added into the remain 
ing spaces or cavities. For tissue-engineering applications, 
e.g., one can seed certain cell types into the spaces. The 
present technology can be used to print or place antibodies to 
attract certain types of cells to certain regions of the scaffold. 
Once 2D or 3D arrays have been generated, they may be 

affixed to a Substrate or Solid Support, such as glass or silica 
plates, plastics, metal, semi-conducting materials, Solid 
porous or non-porous Surfaces, polysaccharide-based Sur 
faces, nitrocellulose paper, fabric, and the like, or combina 
tions thereof. For example, the arrays may be adhered to or 
cross-linked to the Solid Support. 
A novel feature of the methods provided herein is the 

ability to array thin-walled or sheet-like tissues such as skin, 
vessels, or gut with polarized or stratified geometry in an 
oriented manner. For instance, for systemic comparison of 
drug effects or toxicities on intestinal tissues of animals such 
as rats, arrays can be generated displaying oriented cross 
sections of different regions of the gastrointestinal tract from 
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large numbers of animals after treatment for different times, 
doses, or drug combinations. For example, formalin-fixed 
gastrointestinal tissue may be trimmed into 10-mm segments 
of length and used directly as primary plates for bonding into 
primary Stacks. The same approach may be used to generate 
arrays of other animal or plant tissues that are flat or thin 
walled, such as skin, bladder, large vessels, or plant tissues 
Such as leaves. Similarly, arrays of cells may be cultured on 
Support sheets such as polarized cells in a monolayer or cells 
grown in 3D cultures. The effects of hormones, drugs, or 
toxins on the cell cultures can be effectively monitored. Since 
large numbers of treatments or time points can be investigated 
in parallel, unprecedented spatial and temporal resolution can 
be achieved. 

It is a further object to provide for an array composition 
prepared by a method provided herein. 

EXAMPLES 

In addition to the specific materials and methods referred to 
below, one of skill in the art is directed to the references cited 
in this application as well as the several Current Protocol 
guides, which are continuously updated, widely available and 
published by John Wiley and Sons (New York). In the life 
Sciences, Current Protocols publishes comprehensive manu 
als in Molecular Biology, Immunology, Human Genetics, 
Protein Science, Cytometry, Neuroscience, Pharmacology, 
Cell Biology, Toxicology, and Nucleic Acid Chemistry. Addi 
tional sources, including general references for microfluidics, 
tissue engineering, and microelectronics, are known to one of 
skill in the art. 

Example 1 

General Procedure for Constructing a Tissue 
Microarray 

In the case of tissue microarray construction, the procedure 
involves the following steps (an example of eight different 
tissues from eight individuals to be represented as a display of 
a total of 64 sample array is used): 

From a block of processed tissue (typically formalin-fixed, 
paraffinembedded tissue as is routinely used in pathology 
laboratories), a primary section or plate is cut at the desired 
thickness. (FIG. 1A). For instance, a plate of the dimension 1 
cm by 1 cm at a thickness of 0.1 cm (1 mm). The selected 
thickness will define the width of the final feature or sample as 
the sample is represented in the array. The technology allows 
one to easily vary the size of the final features by using plates 
of different thickness. 

This process is repeated on additional samples to generate 
a first or primary stack of tissue plates. For instance, a total of 
8 samples representing kidney, liver, muscle, heart, Stomach, 
pancreas, spleen, and thyroid gland are processed. 
The tissue plates of this primary stack are bonded together 

so that they form one inseparable unit of plates that are 
stacked in a predetermined order. (FIG. 1B). The bonding 
material of preference for tissue stacks is acrylate (e.g., Super 
glue, or one of the derivative acrylates). In practice, a thin 
layer of acrylate is added to the top of the first plate, then the 
second plate is laid on top and weighted down for a few 
minutes. The process is repeated for each plate. It is possible 
to save time by adding acrylate to all plates at the same time, 
and then stacking them and weighting the plates down all at 
once. This process can also be automated. 

Another seven primary stacks are produced from the same 
tissues from different individuals. The order of the tissues are 
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10 
recorded so that the position of each sample is kept track of. 
For simplicity, each stack may be composed of the eight 
tissues arranged in the same order, but that is not a require 
ment. 

From each bonded Stack of tissues, new secondary plates 
are cut perpendicularly to the plane of the plates. This will 
result in a secondary plate that resembles a comb, where each 
tooth of the comb represents each of the eight tissues (FIG. 
1C). In the simplest case, the thickness of the cut is main 
tained at 1 mm (0.1 cm). The thickness of the comb will define 
the height of the final sample feature as will become apparent. 
If the thickness of the comb is cut at the same thickness of the 
primary plates, this will result in square features. However, 
the method permits variation of the thickness of the comb 
section, so that rectangular features are possible. This benefit 
is currently not possible with the existing circular, core-based 
methodology for tissue array construction, and can be useful 
for effective display on monitors, film, or print, which typi 
cally have aspect ratios different than 1:1 (e.g., 8x10 inch 
prints can be achieved without image distortion). 

Eight combs (secondary plates) are then stacked and 
bonded in a predetermined order to form a secondary stack. 
(FIG. 1D). This secondary stack can be visualized literally as 
eight hair combs glued together so that the teeth are oriented 
in the same direction. 
The secondary stack is embedded in paraffin so that the 

teeth of the combs are oriented up, available for sectioning 
with a histological microtome. 

Using the microtome, thin sections are cut in a plane 
through all the teeth of the combs, resulting in a tertiary plate 
that contains 8x8 features, each representing one of the 64 
original tissue samples. (FIG. 1E). This thin section may be 
placed on a glass slide using traditional histological tech 
niques, and a microarray of 64 tissue samples is produced. 
This can then be analyzed by traditional immunohistological 
staining, immunohistochemistry, in situ hybridization, etc. 

Example 2 

Generation of a 2D Tissue Array 

Several paraffin-embedded tissues were sliced by hand to 
make primary plates of tissue. These tissue plates were 
bonded together (as a primary stack) with acrylate to keep the 
individual paraffin-embedded tissue features together. Sev 
eral primary stacks were sliced by hand across several stacks 
to create several secondary plates, or combs. Several of the 
combs were bonded together with acrylate to create a second 
ary stack. The secondary Stack was then sliced using a micro 
tome to create a sample 2D array (or tertiary plate) as shown 
in FIG.2 that is 10um thick with feature sizes of between 0.25 
mm and 1 mm. The primary and secondary stacks of the 
tissue array presented in FIG. 2 were prepared freehand 
(rather than by precise slicing with a microtome), hence the 
uneven-sized features and the angled section lines. FIG. 3 
shows multiple secondary stacks (such as those used to slice 
the tertiary plate shown in FIG. 2). The various tissue ele 
ments used result in a checkerboard appearance of the sec 
ondary stacks. The sizes of the cube-shaped secondary stacks 
in FIG. 3 are approximately 1 cm per cube. 

Example 3 

Applications of 2D and 3D Array for Large-Scale 
Parallel Analysis 

Diagnostic and Screening Arrays 

Microarrays are useful for two types of analyses: 1) mea 
Suring many analytes (e.g., mRNA, proteins) in one sample, 
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by contacting a sample with a large number of features that 
represent individual analytes in the microarray, and 2) ana 
lyzing many samples displayed in a microarray at once by 
direct physical, chemical, or image analysis. The present 
invention is useful for both types of parallel analyses. Solu 
tions of nucleic acids of interest, e.g., oncogenes, etc., may be 
frozen or incorporated into gels to prepare arrays for diagnos 
tic applications and high-throughput screening. For example, 
one can construct a 2D array of oligonucleotides of various 
oncogenes in order to screen individual tumors for particular 
genotypes or gene expression profiles. Likewise, arrays of 
protein targets can be used to screen for compounds that bind 
to a particular target or inhibit/activate an enzyme. Alterna 
tively, arrays could contain both control and neoplastic (or 
otherwise diseased or abnormal) tissue or sample extract, 
blood, or liquid that has been immobilized in semi-solid or 
Solid form and displayed in parallel using an embodiment of 
the present invention. The 2D arrays allow large scale parallel 
analysis of Solid, Solidified, or semi-solid samples which is 
useful, interalia, in high-throughput screening or large-scale 
diagnostic clinical applications. 

Microfluidics 

Microfluidics involves the use of small disposable devices 
for the handling of biological samples and performing con 
trolled in vitro experiments. For example, microfluidics 
encompasses the microscopic study of compounds on Small 
numbers of cells. This study is facilitated by the use of microf 
luidic devices that allow control of the flow of a compound 
coming into contact with a cell, relying on Small Volumes to 
transport both cells and compounds. WO98/52691 describes 
sample microfluidic devices. Microfluidic devices can be 
made using the 2D and 3D arrays created by the present 
method. To form channels in the microfluidic devices, melt 
able, dissolvable, or enzymatically digestible material can be 
used or spaces can be intentionally left in the tertiary plates by 
using a solid Supports that line the sides of a particular array 
element but that are hollow on the inside. Such an approach 
may involve removing elements (e.g., by melting or diges 
tion) at the tertiary plate stage, and coating the Surface of the 
tertiary Stack (e.g., with glue or cross-linker) before assembly 
into the 3D tertiary stack. Furthermore, once a 3D block with 
tunnels is obtained, one can further coat the tunnel Surface 
with, e.g., silicon, thin plastic, or chemical reagents. For 
example, two types of material can be used as the initial plates 
to form the primary stack. One material could be a plastic and 
the other material could be paraffin with a much lower melt 
ing point. Once the tertiary plates are stacked to form a 3D 
array, the array may be subjected to heat to melt the paraffin, 
leaving the plastic intact. Thus, in Such a manner, one can 
form a 3D array with channels for use in microfluidics. Like 
wise, microchannels may be useful for the molding of Small 
parts. 

Tissue Engineering 

The ability to generate 3D microstructures has important 
applications in biology. Tissue engineering involves fabricat 
ing new functional tissue using living cells and a matrix or 
scaffolding which can be natural, synthetic or combinations 
of both. One can generate Such matrices or scaffolding using 
3D arrays prepared according to an embodiment of the 
present invention. While some progress has been made in 
generating structurally relatively simple organs such as bone, 
hairless skin, and bladder, elements or organs with a high 
degree of microscopic complexity can be generated using an 
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12 
embodiment of the present invention. Tissue engineering of 
simple trabecular bone typically involves seeding of bone 
producing cells, osteoblasts, into a porous, homogenous scaf 
fold without 3D complexity (Borden etal. (2002); Ciapetti et 
al., (2003); Lu et al., (2003)). U.S. Pat. No. 6,576,019 
describes a method for bladder reconstruction. Similarly to 
the method disclosed in the 019 patent, 2D and 3D matrices 
of embodiments of the present invention may be used to 
reconstruct a bladder. Uroepithelial cells can be deposited in 
one portion of the array and Smooth muscle cells can be 
deposited in a different portion. These matrices can be uti 
lized to provide cells to the desired location in the body in 
order to accurately guide new tissue development. For 
instance, using FIG. 4 as an example, the black features could 
represent gel material containing one cell type, e.g., epithelial 
cells, while the white features could represent gel material 
containing another cell type, e.g., Supporting fibroblast cells. 
Complex organs or organ elements can be constructed that 
contain branching cellular patterns at a micrometer Scale, for 
instance, Secretory organs like pancreas or breasts. Biode 
gradable polymers or Substances can be used to construct 
Such arrays. For instance, improved tissue engineering of a) 
insulin-producing Langerhans islands for patients with Type 
I diabetes, b) functional kidney elements, or c) skin with hair 
follicles are just several of numerous possibilities. Hair and 
skin cells can be made into an array in an alternating pattern. 

Pattern Printing 

Once secondary stacks or tertiary plates have been created, 
they can be used to produce pattern prints which can be 
affixed to a desired surface or fabric. In addition to generating 
high-density arrays of samples for analysis, one can generate 
patterns by specifying which individual feature will be local 
ized in a given space (or coordinate) by selecting the correct 
location of a material in the primary and secondary stack. In 
other words, one may use this technology to print or specify 
patterns on a Surface, by specifying the location of contrasting 
elements. A simple checkered pattern can be produced by use 
of white and black starting material as alternating layers in a 
primary stack. More advanced patterns could involve mul 
tiple colors, or distinct materials that would form 2D patterns 
of any type. Each feature would represent a square pixel in 
image terminology. This could be expanded to 3D by over 
laying 2D patterns using materials of variable translucency. 
This could be useful for generation of unique identifiers that 
can be recognized by appropriate readers. 

While the invention has been described and illustrated 
above by reference to various specific materials, procedures 
and examples, it is understood that the invention is not 
restricted to the particular materials, combinations of mate 
rials, and procedures selected for that purpose. Numerous 
variations of such details can be implied and will be appreci 
ated by those skilled in the art. 
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What is claimed is: 
1. A non-core based array comprising a plurality of square 

or rectangular shaped tissue samples, each sample being 
stacked or bonded in a vertical or horizontal direction to a 
neighboring tissue sample, wherein the tissue samples are 
systematically arranged in a predetermined order, each 
sample being identified by a unique code created by material 
used to bond samples together. 

2. The array of claim 1, wherein the dimensions of the 
tissue samples are in the range of about 5um to 0.5 mm. 

3. The array of claim 1, wherein the tissue samples com 
prise paraffin-embedded tissue, frozen tissue, or freeze-dried 
tissue. 

4. The array of claim 1 affixed to a solid support. 
5. The array of claim 1, comprising two or more plates or 

two or more combs bonded to each other. 
6. The array of claim 5, wherein the two or more plates or 

two or more combs are bonded to each other with acrylate, 
paraffin or other waxes, two-sided adhesive, epoxy, polymers, 
gelatin, polyethylene glycol, welding, melting or a combina 
tion thereof. 

7. The array of claim 5, wherein the plates comprise nucle 
otides, oligonucleotides, polynucleotides, amino acids, oli 
gopeptides, polypeptides, antibodies, plasmids, and/or 
microorganisms. 

8. The array of claim 5, wherein the width and length of the 
tissue samples are predetermined by cross-sectioning pri 
mary and secondary stacks of plates and combs at a desired 
thickness. 

9. The array of claim 1, comprising less than 10% scaffold 
material. 

10. The array of claim 1, comprising at least 1,000 tissue 
samples. 

11. The array of claim 1, comprising at least 10,000 tissue 
samples. 

12. The array of claim 1, comprising about 1,000 tissue 
samples/cm. 

13. The array of claim 1, which does not have structural 
scaffold material between tissue samples present on the array. 
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